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1.0 INTRODUCTION

1 . 1 BACKGROUND

In a safety conscious society, a highway vehicle should not

be designed independently of other vehicles, using the same road-

way systems. It must be compatible with the mix of vehicles to

which it may be exposed in the highway environment. The design

feature which addresses this aspect of a car's performance is its

aggressivity : the characteristics of a vehicle which help reduce

injuries to occupants of a struck vehicle during a collision.

An automobile may provide a high level of crash survivabil-

ity for its own occupants in rigid barrier crashes, but can create

an excessively hostile crash environment for other vehicles in

car-to-car crashes (i.e., rendering a low probability of survival

for the occupants of the other car)

.

Such a vehicle may be called

"aggressive .

"

Vehicle aggressiveness must ultimately be defined in terms of

occupant survivability in the struck vehicle. This may be quanti-

fied in terms of providing efficient structural interactions be-

tween the two vehicles, maintaining integrity of the occupant com-

partment space, and in terms of the degree to which the struck ve-

hicle's structure/restraint systems provide crash protection to the

occupants

.

A vehicle that is overly-aggressive poses two types of hazards

to other vehicles in crashes. It may cause injury-producing pene-

tration (intrusion) of the occupant compartment of the other vehi-

cle in crashes that would otherwise not produce injury, and it can

reduce the mutual (combined) structural collapse and stopping dis-

tance required for survival. These hazards result basically from

three vehicle characteristics identified by Mr. M. Harmon and Mr.

M. Ventre of the Peugot-Renault Association at the 2nd and 3rd

1



International ESV Conferences (References 1, 2, and 3) as struc-

tural aggressiveness, mass aggressiveness, and architectural

agressiveness

.

Structural aggressiveness is related to the vehicle's over-

all or local stiffness, or load/deflection characteristics. Mass

aggressiveness pertains to adverse effects related to vehicle mass

ratio or heavy component mass (such as engines and bumpers) effects

on the crash dynamic interaction. Architectural aggressiveness

pertains mainly to the adverse effects of stiff exterior vehicle

profiles and protrusions.

To provide a better understanding of the nature of aggressiv-

ity for the light truck vehicle class, Dynamic Science conducted a

research study for the National Highway Traffic Safety Administra-

tion to help define aggressivity of light trucks relative to pas-

senger cars. The purpose of this program was to develop a data

base in support of current and future Federal Motor Vehicle Safety

Standards. The results of this research effort are presented in

this report.

1.2 PROGRAM SUMMARY

The main objectives of this program were

:

@ To provide light truck-to-car collision data.

® To study the aggressivity of light trucks compared to
the aggressiveness of passenger cars.

@ To support current vehicle standards and provide infor-
mation to upgrade future standards.

In order to accomplish this, the following four tasks were con-

ducted :

2



• Task 1 - Prepare Plan of Work and Methodology. This
plan illustrated that the contract efforts would be
properly planned, implemented, controlled, completed
on schedule and within contract costs (see Figure 1-1)

.

• Task 2 - Conduct Truck-to-Car Crash Tests. A series
of seven truck-to-car crash tests were conducted in the
head-on, right offset, left side, and rear impact crash
modes (References 4 through 7)

.

• Task 3 - Analysis and Comparison of Test Data. Result-
ing test data were analyzed, evaluated, and compared
with previous car-to-car crash tests. An assessment
was made of the causes of pickup truck aggressiveness
and how this aggressiveness differs from that of passen-
ger cars. This report summarizes this effort.

• Task 4 - Conduct a Car-to-Car Svmmetric Rear-End Impact
Test. A car-to-car rear-end impact test was added to
the program to supply data for this type of test (Ref-
erence 8) .

The test matrix for this project is shown in Table 1-1 and

consisted of eight tests. In the first six tests (Task 2), the

bullet vehicle was a 1979 C-1Q Chevrolet Pickup Truck while the

target car was either a 1978 Plymouth Horizon or a 1979 Chevrolet

Impala. The purpose of these tests was to develop a data base for

assessing the aggressivity of the Chevrolet Pickup Truck. To eval-

uate its aggressivity, a comparison was needed between the perfor-

mance of the Chevrolet Pickup Truck in these tests and the perfor-

mance of a passenger vehicle under similar test conditions. The

data for the passenger vehicles was selected from previous test

reports (References 9 through 13) and a comparison of the test con-

ditions is shown in Table 1-2.

In Table 1-1, Tests 7 and 8 (symmetric rear-end impacts) are

directly comparable tests since the target vehicles are equivalent

and the bullet vehicle in Test 7 is a Chevrolet Pickup Truck, while

the bullet vehicle in Test 8 is a Chevrolet Caprice. These two

tests are presented in Table 1-2 as the seventh entry for compari-

son .

3
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TABLE 1-1. SUMMARY OF VEHICLE-TO-VEHICLE TEST CONDITIONS

Test
No. Test Date Test Condition Test Vehicle*

Test
V.’eight
(lb)

Closing
Speed
(mph

)

3051-1 10/10/78 Head-on
(Symmetric)

B - 1979 C-10 Chevrolet
Pickup Truck

5180 61.54

T - 1978 Plymouth
Horizon

2688

3051-2 10/12/78 Head-on
(Symmetric)

B - 1979 C-10 Chevrolet
Pickup Truck

5182 74.50

T - 1979 Chevrolet
Impala

4404

3051-3 10/23/78 Left Side - 90°

(C of A at H-pt .

)

B - 1979 C-10 Chevrolet
Pickup Truck

5189 29.74

T - 1978 Plymouth
Horizon

2686

3051-4 11/17/78 Left Side - 90°

(£ of A at H-pt.)
B - 1979 C-10 Chevrolet

Pickup Truck
5183 29.99

T - 1979 Chevrolet
Impala

4398

3051-5 10/30/78 Right Offset
(21 in.)

B - 1979 C-10 Chevrolet
Pickup Truck

5183 61.62

T - 1978 Plymouth
Horizon

2682

3051-6 11/28/78 Right Offset
(21 in.)

B - 1979 C-10 Chevrolet
Pickup Truck

5176 75.78

T - 1979 Chevrolet
Impala

4397

3051-7 02/01/79 Rear-end
(Symmetric)

B - 1979 C-10** Chevro-
let Pickup Truck

5178 40.28

T - 1978 Plymouth
Horizon

3008

3051-8 03/05/79 Rear-end
(Symmetric)

B - 1978 Chevrolet
Caprice

4382 39.89

T - 1978 Dodge Omni 3162

*B = Bullet Vehicle; T = Target Vehicle

**Repaired truck from Test 3

4/15/79
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1.3 ANALYSIS METHODOLOGY

The primary object of this study was to assess the aggressiv-

ity of light trucks in comparison to passenger car aggressivitv

.

The assessment of light truck aggressivity was made by a compara-

tive study of target vehicle performance under similar impact test

conditions involving truck and car bullet vehicles. Since the test-

ing on this program was primarily oriented toward developing a data

base for the light truck impact, the test results from this program

were compared with similar test results from other NHTSA-sponsored

programs. However, it was generally not possible to find a pre-

vious crash test involving the same target vehicle model; therefore,

target vehicles of a similar weight class were chosen as a basis for

comparison

.

From this data base two types of parameters were compared

:

© Vehicle Parameters

a . Compartment Velocity Change

b. Maximum Compartment Acceleration

c. Structural Crush

d. Compartment Intrusion

e. Fuel System Integrity

f. Bumper Mismatch

© Occupant Parameters

a

.

Head Injury Criteria (HIC)

b

.

Head Resultant Acceleration

c . Chest Severity Index (CSI)

d. Chest Resultant Acceleration

e

.

Femur Loads

f

.

Ejection

In this fashion, an assessment of the relative aggressivity of

light trucks was developed.
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2.0 LIGHT TRUCK AGGRESSIVITY IN HEAD-ON COLLISIONS

2 . 1 STRUCTURAL PARAMETERS

The comparison Test C4-2 was chosen because the target vehi-

cle was a subcompact car and the bullet vehicle was a full-size

car, with the appropriate closing speed. The comparison Test C3-3

was chosen because it provided frontal head-on crash data for a

full-size car with a similar velocity change.

A comparison of vehicle parameters for vehicle-to-subcompact

car and vehicle-to- full-size car head-on impacts are presented in

Tables 2-1 and 2-2, respectively. These two tables present data

that is pertinent to assessing the bullet vehicles' structural

aggressivity in that the parameters presented describe the struc-

tural response of the various vehicles.

For assessing possible architectural aggressivity, a compari-

son of the vehicle frontal geometries for the two test conditions

are presented in Figures 2-1 and 2-2. Figure 2-3 illustrates the

bumper interface for the Chevrolet C-10 truck and the Plymouth

Horizon while Figure 2-4 shows the bumper interface for the Chev-

rolet C-10 truck-to-Chevrolet Impala impact. Additional parameters

for assessing architectural aggressiveness in the various vehicles

are presented in Table 2-3. This table compares bumper/engine

dimensional parameters of the various vehicles.

A possible factor for evaluating mass aggressivity is the

inertia force generated by the vehicle during impact. Inertia

force can be approximated from compartment and engine data by:

9
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Figure

2-1.
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Geometry
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Figure

2-2.

Chevrolet

C-10
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b) Post-test

Figure 2-3. Chevrolet C-10 Truck/Plymouth Horizon Bumper Matchup
(Test 3051-1) .

*
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a) Pre-test

b) Post-test

Figure 2-4. Chevrolet C-10 Truck/Chevrolet Impala Bumper Matchup
(Test 3051-2)

.

15



TABLE

2-3.

BUMPER/ENGINE

CHARACTERISTICS

a;
ro 4-> o

1 dJ nS

m r-H (tj * PQ

U f'' 0 rH Q p p P LD p r—

1

ro
4h no J2 § s * § 0 • TO

4-> oi > 04 O 03 <u

03 '—
I O E rH CM jd

0) X M to

Eh o 3
A

.X
4-> u
d3 (0

rH 03

O' O H o ID LD 00 CN o CN CO
TOI" 44 nS ID • • e « • 9

03 > ft <T) LQ i—

1

ro ro r^* aj

(N H o E CN ro ro CN i—

l

ro X
i .d h 03

rH u 3
lO ft
O
ro

.X
V M u

03 d) O 3
d> <H 3 03
E-i 03 0 44 O lD r* 00 LO rH 00

r- 44 Eh LO r- 0 © • • e c TO
Oi > CO lo CO <sT CN 3
rH d) O ro 04 ro CN rH ro X
X H
U 1

03

P

a;
o
r«

00 u * * * * 03
in TO •H 00 in Q CT> O 00 00 O'

TOO' C > » o 23 9 9 0 9 0

cr. 0 H o ro 00 00 o LD CN a>

04 •
—

i X a cr» <

—

1 CN CN i—

1

CN X
1 03

TT 3
o A
4->

03 Oh
d) X
Eh 0 * X

in TO c r-H r-H P LD CN ro CO in TO
O' M -H LD 03 « o 0 0 0 <13

03 0 u CO CO O C0 rH ro o 4-)

1
—

1 O-i 0 ro ro IN •—

l

CN <0

Eh -P
0
X 9 0

(33 C
C 0

d> 0 -H
sz C TO -H 03

4-> 0 LD in 00 rH 03 00 LD CN •H 4-> 03

00 3 N O O' • 9 0 » o a 44 TJ -h
O' 0 *H rH CO O' o LD LD 44 o g

rH cn g 44 CN rH CN CN rH CN <D •H 03

1 I—1 0 TO HH SZ
>

—

1 r-l X C •H (tj

m a. X U 44

o 03 -P
ro

-X 03
ft
03 03

4-1 4-> U TO 3
03 3 3 O m O CN 00 <3* CN rH •H <C rH

0) i—

1

4) LD O' • 0 9 0 9 » 44

£h 1**" 0 Eh ro ID LD (T> <T> LO rH 44

<y» u ro CN ro CN rH CN 3 2 a)

rH > o > c
a) rH O g -h
X 1 0 03

u u 44 G
<44 03

1 TO >
44 44 d3 d) k

-P 4-3 .—

-

.—

-

d3 r—

'

d3 — l TO d) 03

X • • ft • ft • 4-3 O —

'

H 4-3 03 (0

03 03 03 (Z c g c g C 03 •H ® 44 (« d) 4-3

N •H •H H r—1 'H 3 *H 3 -H 0 4-> C d) d3 g 44 ns

•H d) d) 0 — d3 ^ PQ — X — ft «3 -H > TO •H TO Q
C/3 s X 4-1 > 4-3 O -H X

•X 3 d) 4-> g 4-> g 4-> g 03 44 0 rH 0
a) d) * 01 —

'

4h C x .G 3 .3 3 X 3 X 44 44 44 T) 2
C Q c —

»

(Z • d3 -H O' g O' g Oi g 4-> 03 <13 d) ft 4-3

-H M •H JQ •H C ft 01 TO -H -H -H -H *H •H 03 3 ft TO ft 0 II

Cn U O* r—

1

0>-H g 3 O d3 X d) C d3 X d) 44 g C < EH

C — C g — 3 W 0 X (0 X -H X 3 4-3 U 3 X X -X Q
w w w m X 2 2 2 PQ * 2

16



F = (Ma)
car

+ (Ma)
engine

where F = inertia force

M
car

= Mass of vehicle-engine mass

a acceleration of vehicle
car

M . = mass of engine
engine ^

a .
= acceleration of engine

engine

Figure 2-5 presents a comparison of the inertia forces for the

Chevrolet C-10 truck and the Ford Torino. The inertia forces gen-

erated by the Plymouth Horizon and the Honda CVCC are shown in

Figure 2-6 for reference. A comparison of the inertia forces for

the C-10 truck and the two Chevrolet Impalas are presented in Fig-

ure 2-7.

2 . 2 OCCUPANT PARAMETERS

The primary parameters for assessing vehicle aggressivity are,

of course, those related to target vehicle occupant response, since

the primary goal is to reduce the potential for occupant injury.

Table 2-4 presents a comparison of interior dimensions which indi-

cate the interior stroking distances available for occupant decel-

eration. Also presented are test results indicating intrusion into

the occupant compartment and occupant contacts with interior sur-

faces. The occupant response data measured in these symmetric head-

on crash tests are presented in Table 2-5. Occupant ejection did

not occur in any test, and therefore was not a significant compari-

son parameter.

2.3 COMPARATIVE EVALUATION

Comparing the data from the target vehicles in Table 2-1 (the

Plymouth Horizon and Honda Civic) , it appears that the Ford Torino

is about as aggressive as the truck. If we compare
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Figure

2-5.

Chevrolet

C-10

Truck/Ford

Torino

Inertia

Force

Comparison.



I

H in
2 o
2 m
£
Eh Eh ,

—

2 2 rs>

< 2 g

2 Eh

£ -

—

U
o
u 2 Eh

O 2
+ IS3 2

H Eh

2 2 —
2 O
M 2 U
O U
2 2 2 >
2 U Eh u
2 D

Q O O <
2 2 £ Q
Eh 2
< < 2 O
2 M 2 2
2 Eh

U 2 CD in
2 2 r~ r-

< 2 CT\ CTi

U M 2 rH

1

s

I

o
in

U
w
cn
£

i

w
sM
Eh

333 - 33303 VI.LH3NI

19

Figure

2-6.

Plymouth

Horizon/Honda

CVCC

Inertia

Force

Comparison.



200

O

i—i i—I I

O
w
CO

£

w
s
H

S33 - 3DH03 YI.IH3NI

20

Figure

2-7.

Chevrolet

C-10

Truck/Chevrolet

Impala

Inertia

Force

Comparison.



TABLE

2-4

=

TEST

VEHICLE

OCCUPANT

AVAILABLE

STROKING

DISTANCES

rH X X 1 1 ro ro rH 03 CO

ro X • • 9 9 9 9 cd QJ

1 0) ft) m (N o 00 00 X CD 01
ro i—1 rd 2 rH CN CN ft c
U 0 «H x;

u rd

X X > a rH CD 00 rH CN CN Pr T3 CD

CO rH <d e ® • 9 9 9 9 9 9 cd ID

4) X M ft rH ro o in rH CO X X CD CD

Eh u pi ID CN CN rH rH ft C
X

r* CN 1 i in X Pr T3 CO

X • 9 9 9 9 9 cd cu

CD ftj in <N O p~ P* X CD CD

rH (0 2 rH CM CN ft cX 0 rH y;
P fO

CN X > ft (T> X in ID X X CN X rs X CO

1 rH <u g • 9 9 9 9 9 9 9 id CO CD
<—

1

ft h ft CN X m CN t-r in CD CD CD

in u pi rH CN i—

1

r—

1

i—

1

a: JC Co u X
ro

00 ro X 1 1 o X ID V CO

X x 9 9 9 9 9 9 cd CD

CO 0) U ft o ro X X o CD CD

<p rH P a CN CN CN rH ft q
Eh cn 0 P X

p~ P eh
cn > O o X ro <N X X 00 n X CO
r-H 0) o 9 9 9 o • 9 9 9 Cd CO CD

ft rH ft CT> LO X >—

1

p- P- <T> CD CD CD

U 1 PI rH CN CN X i—

l

ft ft c
u CJ X

o kO 00 1 1 X X rH TJ CO

*H • 9 9 9 9 9 cd CD

> ftH rH ON ID ID CD CD

•H 2 rH rH CM ft c
in o u y;
p~ u

IN cn It) > ID 00 CN p- X ro CO 03 X CO

1 rH 03 U • 9 ® 9 • 9 9 9 rd CO 0)

e ft rH CN X o ID ID CD CD CD

u 0 PI i—

1

i—

1

CN r—

1

1—

I

ft ft C
X u y:

X
co LO in X 1 1 O O o CD

0) ft • 9 9 9 9 9 C
Eh 0 ft CN ro rH <T> 0> o 0

in T3 C rH CN CN ft
P -H

cn 0 P in in ro i—

1

P" O o o 03
rH ft 0 ft • 9 9 • • 9 9 9 id

Eh PI CN ro rH X o X <T> o CD

rH CN CN 1—

1

X ft

0> ID X 1 1 rr in r* 03 CO
e e 9 • 9 9 id CD

ft C ft ro o CN p- P- X CD I

D

-P 0 ft rH CN CN ft C
CO 3 N y;
r~ 0 -H

rH

1

cn E P ro p- in X X o X X 03 X C0

1 rH >i 0 • 9 9 9 • • 9 9 id CO ID

i—

(

rH X ft ro O 1—

1

p- X p* vD CD a> CD

LO ft PI i
—

1 CN CN rH X ft ft C
O u yc
ro

o X CN 1 1 X ro O CD

X -P ft o • 9 • 9 9 c
CO 0) CJ ft <7> CN X p- o O
cd rH P 2 i

—
1 CN CN z

Eh cn 0 P
P~ P eh
<n > <T> X r- X CN ro 00 03 X
rH CD O • 0 9 9 • • 9 9 id CO

X -H ft r- ro N1 o X 00 o CD ai

U 1 pi rH CN CN i

—
1 1

—
1 ft ft

u o
X X *p
i
—

1 Cn X Xi X
CD 1 C CD Cn X C
•H c X X • ft *H U ID

ft 0 CD P c PS id g
p CO r—. X N p CD CD X p X X
CD • X 1

—
1 CO •H CD XI (D r- CD C P

X 0 c C id id P r-s X 9 0 <d

<D P -rl r) X Q 0 9
(ft X X 0 c u a

g s c X c X Cn 9 p PI •H 0 E
cd XI 0 0 —- •H I P c 0 ft P -rl X c
P Cd P 0 N -p 0 X H X o 0 CO C O
id CD <D -p H rH X P •*

—

i
—

1 X rH •p p id

ft ft XI P 9 -p CD r—

l

1 CD X CD <D p p Ohp:
CD n3 X o c CO c x CD CD g CO CD a) C CD X p X
P CD id X •H CD id id CO P •H CD X CD <d X c U -rl

0 X CD —

- —

X ft X 0 W PS x 5 5 a C w O £
ft X U ft u ft M O

21



SUMMARY

OF

OCCUPANT

RESPONSE

DATA

-

SYMMETRIC

HEAD-ON

CRASH

TESTS

CO O <D o O X XIo to o C o rH r—

1

CM -H o 0 o o
P rH 2 rH LO O o

w 0) V V V LO LO
co -P CM CM

> •H CM CM

s P V V
t o

LO ID o *^3' o o
oo -P ID LO

I 0) 2 O LO ro <T>

ro 2 to 2 i—

1

l 8

U O' 0 <—

t

O' p to

-p cn > w O o LO o o
IQ rH 0) e i

—

i ro LO LO LO
CD X H 2 LO i—

1

r- LO CM
Eh u Pi rH 1 8

CM ro rH P* cr> CM
I -p • t" • CO 00
rH <D 2 LO CTi cn r- CM 1

—
1

in i
—

1 CO 2 i
—

1 crv sr i
—

1 2
o <y> 0 H 1 1

CO O' P to

O'! > Oh lO CM o "vf CM 0>
-P -H <D E o ® cr> o CM 01
IQ X H 2 r- r" CO CO i

—
1

<D U X CM CM ID 1 2
Ft i

—
1 !

CM
1 -P X

•
—

1 0) U 2 Q Q Q Q Q Q
m rH 0 2 23 2 2 2 2
o on 0 P
ro r-' P EH

cn > <T CM r-' Q Q
-P rH 0) o o 0 m • 2 2
to X rH 2 o CTO 00 CO
0) U ! X rH r- CO
Eh u

0 ro CM o O' o o
CM •H o 00 co in o o
1 > 2 rH rH m 1—

t

o
•rH 2 ro 2 1—

1

U m U CJ
r~ u

-P <jt to > cr» LO o o O o
CQ rH T3 U (T> ro ro o m o
0) C 2 rH 00 i—

i

CM CO
EH 0 X rH CM

X

CM
1 2 Q Q Q Q Q Q

0 2 2; 2 2 2 2 2
U m Q3 C

t" P -H
x <n 0 P cr> rH o Q Q
CQ rH 2 0 lO a o a 2 2
<L> Pi 2 CM LO rH o
Eh X ro

rH 00 LO 2 r- CO in
t

•—

1

• (

—

1
a 00 O'

rH X c 2 ro i
—

1 p- p1 CM CD
m X 0 2 ro o p i

—
1 rH

o CO 0 N CM I 8

ro e'- 0 -H
en E p o CM o\ o in cr>

X rH >H 0 00 ® O' ® CM ro
CQ rH X 2 o CM p' rH in P-
0) cs X rH O LO ! 1

m
I

04

W
X
CQ

<
Eh

IT)

O
ro

4-1

CQ

01

Eh

X X
0) u
2 P

<y« o p
r- P Eh

>
0) o
X 2
u I

u

cr>

Q
2

in
co
ro

Q
2

O'

Q
2

uo
O-

O
2

CM

CM

Q
2

Q
2

Q
2

Q
2

rH a
X X /—

-

u
X 0) c c X 0
C CQ to f0 rH X o 2
<0 c X X 1—

-

X X a)

Oh 0 1
—

1 X 2 p X w II

p oJ Si P * CO P * p si cu -H E
U CQ u to CQ H 1) ttl r' E <0 X 2 P
U 0) H a) a) a CO x a> a a) o ro 2
O 2 X X 2 a U 2 2 X *

X
tO

rH
•H
rtf

>
<

• to

p x
•H flj

22



• Velocity Change

• Maximum Compartment Acceleration

9 Maximum Static Crush - Bumper Level

• Maximum Post-test .Intrusion

there does not appear to be a significant difference between the

two target vehicles. Compartment acceleration was slightly higher

for the Horizon; but the bumper level crush of the Civic was 2

inches more than the Horizon. A similar analysis of the data in

Table 2-2 indicates the Chevrolet C-10 truck is slightly more

aggressive than a barrier impact, primarily based on intrusion.

Examination of the occupant response data in Table 2-4 indi-

cates the Honda Civic occupants faired much worse than the occu-

pants of the Plymouth Horizon. It should be noted that the in-

terior of the Honda is smaller than the Horizon (Table 2-4) and,

of course, each vehicle has its unique restraint system. Thus,

the apparent aggressivity of the truck could merely be a reflec-

tion of the differences in the target vehicles.

The Impala occupants in Test 3051-2 faired worse than the

occupants in the barrier crash. Since the target vehicles (Chev-

rolet Impalas) are similar, the occupant data reinforces the con-

clusion that the Chevrolet truck is somewhat more aggressive than

a car-to-barrier impact.

2.4 CONCLUSION

For symmetric head-on collisions, the factors which affect the

aggressiveness of light trucks are primarily its overall mass and

the height of its frontal contact area. The bumper to hood height

being further off the ground tended to cause the greater occupant

responses. This was due to the fact that the bumper of the truck

did not completely engage the bumper of the struck vehicle, which

caused more occupant intrusion. In comparison tests, the C-10
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truck was generally about as aggressive as the Ford Torino and

somewhat less aggressive than the Chevrolet Impala.
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3.0 LIGHT TRUCK AGGRESSIVITY IN PERPENDICULAR SIDE IMPACTS

3 . 1 STRUCTURAL PARAMETERS

The vehicle response parameters for the four side impact tests

examined are shown in Table 3-1. Tests M-5 and 3976-11 were chosen

because the bullet vehicles were full-size cars. Better tests for

comparison were not found in either NHTSA or Dynamic Science files.

The data describes the structural response of the various vehicles

used in assessing the structural aggressivity of the light truck.

Vehicle geometry differences between the vehicles used in the

two light truck side impact test conditions are shown in Figures

3-1 and 3-2. The dimensional parameters used in determining the

possible architectural aggressivity are presented in Table 3-2.

Close-ups of C-10 truck bumper-to-vehicle side interface are shown

in Figure 3-3 for Test 3051-3 and in Figure 3-4 for Test 3051-4.

The entry column for Test M-5 in Table 3-1 and for Tests 3976-

11 and M-5 in Table 3-2 are included; however, as indicated, very

little useful data was available from the published test reports.

This limited the usefulness of these test results in the assess-

ment of light truck aggressivity.

The inertia forces for the two vehicles in Test 3051-3, 3051-4,

and 3976-11 are presented in Figures 3-5, 3-6, and 3-7, respectively.

Interior dimensions for the bullet vehicles in these three tests

are shown in Table 3-3. The definitions for these various dimensions

are shown in Figure 3-8.

3 . 2 OCCUPANT PARAMETERS

Dimensional data for Tests 3051-3, 3051-4, and 3976-11, indi-

cating the clearance between the dummy and the side structure, are

shown in Table 3-4 . The occupant response parameters for the three

tests are presented in Table 3-5.
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TRUCK
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Figure

3-1.

Chevrolet

C-10

Truck/Plymouth

Horizon

Front/Side

Vehicle

Geometry

(Test

3051-3)
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1979

CHEVROLET

C-10

TRUCK

Figure

3-2.

Chevrolet

C-10

Truck/Chevrolet

Impala

Front/Side

Vehicle

Geometry

(Test

3051-3)

.



TABLE 3-2. BULLET VEHICLE BUMPER/ENGINE CHARACTERISTICS

Test 3051-3 Test 3051-4 Test 3976-11 Test M-5
1979

Chevrolet
C—10 Truck

1979
Chevrolet

C-10 Truck

1978
Chevrolet

Impala

1968
Plymouth

Fury

Engine Size (CID) 350 350 305 ND

Engine Weight
(lb)* 675 675 ND ND

Engine Height
( in. ) 35.4 35.0 ND ND

Bumper to Engine
( in. ) 29.5 28.9 ND ND

Hood Level
Height ( in.

)

39.0 39.2 ND ND

Maximum Bumper
Height ( in.

)

23.9 24.0 19.5 ND

Minimum Bumper
Height ( in.

)

14.6 14.6 ND ND

Maximum Static
Crush ( in. ) 8.3 11.4 ND ND

*Total dressed engine plus transmission.
ND = No Data Available.
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b) Post-test

Figure 3-3. Chevrolet C-10 Truck Bumper-to-Plymouth Horizon

Side Matchup (Test 3051-3)

.
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r

a) Pre-test

r

b) Post-test

Figure 3-4. Chevrolet C-10 Truck Bumper-to-Chevrolet Impala
Side Matchup (Test 3051-4)

.
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Figure
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Figure

3-6.

Chevrolet

C-10

Truck/Chevrolet

Impala

Inertia

Force

Comparison.



200

z I Z *1 0 *i 0 6 O

iH rH |

U
w
CO

£
I

w
£
H

Qiyi - 33H03 YIiLH 3NI

35

Figure
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TABLE 3-3. COMPARISON OF STATIC INTERIOR INTRUSION FOR
VEHICLE-TO-VEHICLE 90° SIDE IMPACT
COLLISIONS

Static Crush ( in .

)

Test 3051-3
1978 Plymouth Location**
Horizon Level* C H B E A

Roof 6 2.1 3.2 5.3 4.6 -

Window Edge 5 2.6 11.0 16.8 10.1 7.2

Middoor 4 1.8 11.2 16.6 11.1 10.4

H-Point 3 1.4 10.5 15.7 13.5 9.8

Bumper 2 1.1 8.3 14.7 12.4 9.9

Sill Rail 1 - 7.6 14.1 11.4 8.5

Test 3051-4
1978 Chevrolet
Impala Level*

Roof 6 3.9 6 .

1

6.7 4.6 -

Window Edge 5 5.0 12.8 11.5 8.8 4.4

Middoor 4 7.2 11.6 13.3 9.5 6.3

H-Point 3

Bumper 2 8.1 11.5 15.6 10.3 8.2

Sill Rail 1 6.2 7.8 11.0 10.0 7.0

Test 3976-11
1976 Plymouth
Volare Level*

Roof 6 0.8 2.8 4.1 3.5 -

Window Edge 5 7.1 9.8 13.1 7.3 4.0

Middoor 4 9.4 10.8 13.9 10.4 4.6

H-Point 3 - 11.8 16.4 11.9 5 .

6

Bumper 2 - 12.0 18.1 11.6 6.3

Sill Rail 1 - 12.4 14.6 11.9 6 .

6

*Defined according to Figure 3

**Distance for Reference Plane
right rear axle hubs on right

-8.
2 inches
side of

right of
vehicle

.

right front and
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TABLE 3-4. DUMMY POSITIONING DATA FOR VEHICLE-TO-VEHICLE 90° SIDE IMPACT
COLLISION

Measurement

Test 3051-3
(Plymouth Horizon)

Front/Rear

Test 3051-4
(Chevrolet Impala)

Front/Rear

Test 3976-11
(Plymouth Volare)

Front/Rear

Head to door glass (HS) 9. 2/7.

2

12.0/12.1 8 . 8*/7 .

8

Head to side header
(HR) 7. 2/7.

5

8.7/10.8 ND/ND

Upper arm to door panel
(AD) 3. 1/3.

3

6. 0/7.

7

14 . 8*/15 .
0*

H-point to door panel
(HD) 4. 8/6.0 9. 1/7.

7

ND/ND

*Measured from dummy centerline.
ND - No Data.
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3.3 COMPARATIVE EVALUATION

By comparing the vehicle parameters for the Chevrolet Impala

in Test 3051-4 with those for the Plymouth Volare in Test 3976-11,

from Table 3-1, it appears that the Impala/Volare test is slightly

more severe than the C-10 truck. The parameters

© velocity change

® compartment acceleration

@ static crush

@ post-test intrusion

are all higher for the Volare than for the Impala for the two com-

parison tests. However, this may be partly due to the higher im-

pact velocity for Test 3976-11. Examination of the target vehicle

occupant response data, however, reveals some significant dif-

ferences between the target vehicles (Chevrolet Impala and Plymouth

Volare) for Tests 3051-4 and 3976-11. In some cases (head data),

the injury criteria for the Chevrolet Impala in Test 3051-4 are

higher than those for the Volare in Test 3976-11 while in other

cases (chest data), the opposite is true. These differences may

reflect differences in car interior restraint systems and not

necessarily the relative aggressivity of the bullet vehicles.

3.4 CONCLUSION

Since the target vehicles in the comparisons were not identi-

cal, it is difficult to provide a reliable assessment of the rela-

tive aggressivity of the truck with respect to a typical passenger

car. However, it can be observed that the target driver head and

chest response in truck side collisions is much higher than that

for the Chevrolet-Volare collision, even though the impact speed

was 5 mph lower. This suggests that the light truck is more ag-

gressive than a typical passenger car in side impact.
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The frontal areas of the Imnala and truck are similar, but

the truck bumper is higher from the ground and would influence

driver dummy response. In order to assess this, it is recommended

that a Chevrolet Impala-to-Plymouth Horizon side impact test be

conducted to provide an exact comparison test for this critical

crash environment.
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4.0
LIGHT TRUCK AGGRESS IVITY IN FRONTAL RIGHT OFFSET COLLISIONS

4 . 1 STRUCTURAL PARAMETERS

Vehicle response parameters for two sets of vehicle right

offset collisions are presented in Tables 4-1 and 4-2. The same

test (Test C-31) is shown in both tables for the comparison since

it was the only Impala offset test that could be found in the pub-

lished data; however, the primary comparison for assessing light

truck aggressivity for vehicle parameters is based upon the small

car data in Table 4-1. It should be noted that the closing speed

for Test C-31 (55.4 mph) was considerably less than for Test 3051-

5 (61.6 mph) and for Test 3051-6 (75.8 mph).

Bumper matchups for Test 3051-5 and Test 3051-6 are shown in

Figures 4-1 and 4-2, respectively. Refer to Figures 2-1 and 2-2

for vehicle geometry differences which are applicable to front

offset collisions also. Bumper/engine dimensional parameters are

presented in Table 4-3.

The inertia forces for the three offset tests are shown in

Figures 4-3, 4-4, and 4-5, respectively. These figures illustrate

the differences in the impact forces generated by the two vehicles

during the collision.

4 . 2 OCCUPANT PARAMETERS

A comparison of available occupant stroking distances is pre-

sented in Table 4-4, but a lack of data from C-31 presented diffi-

culty in making an assessment of aggressivity for the light truck.

Occupant response data from the three tests used in this compari-

son are summarized in Table 4-5.
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b) Impact

a) Pre-test

'',0-

Figure 4-1. Chevrolet C-10 Truck/Plymouth Horizon
Bumper Matchup (Test 3051-5)

.
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a) Pre -test

b) Post-test

Figure 4-2. Chevrolet C-10 Truck/Chevrolet Impala
Bumper Matchup (Test 3051-6)

.
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4.3 COMPARATIVE EVALUATION

Based on the vehicle parameters, the aggressivity of the

Chevrolet C-10 truck appears to be slightly more than that for the

Chevrolet Impala. The velocity change and the occupant compartment

acceleration are noticeably higher for the Plymouth Horizon than

they are for the VW Rabbit. The crush parameters, static crush,

and post-test intrusion are slightly less for the Horizon. Exam-

ination of the target vehicle occupant response data indicates the

C-10 truck is noticeably more aggressive. The responses for the

occupants of the Plymouth Horizon are noticeably higher than those

for the VW Rabbit. HIC for the front seat occupants of the Plymouth

Horizon is higher by a factor of 3. In addition, chest G are

noticeably higher although still within the FMVSS 208 criteria.

4.4 CONCLUSION

Since the target vehicles in the comparisons were not identical,

it is difficult to provide a complete assessment of the relative

aggressivity of the truck with respect to a typical passenger car.

However, the C-10 truck appears to be more aggressive than the

Chevrolet Impala in frontal offset collisions. It can be observed

that the target driver head and chest response in the truck offset

tests were much higher than for the Chevrolet-Volkswagen offset

test. The frontal areas of the Impala and truck are similar, but

the truck bumper is higher from the ground and could influence

steering wheel motions and driver response. However, results may

be due to the higher speeds in the 3051 test series, and not to

the increased aggressivity of the truck.

In order to assess this more reliably, it is recommended that

a Chevrolet Impala-to-Plymouth Horizon frontal offset test be con-

ducted to provide an exact comparison (at the same speed) for this

crash environment.
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5.0
LIGHT TRUCK AGGRESSIVITY IN REAR-END IMPACTS

5 . 1 STRUCTURAL PARAMETERS

For the rear-end collision mode, actual tests were run with

comparable target vehicles that provided a good data base for

assessing light truck aggressivity . These tests were 3051-7 and

3051-8. The target vehicle in Test 3051-7 was a 1978 Plymouth

Horizon; the target vehicle in Test 3051-8 was its Dodge sister,

the Omn i

.

It should be noted that in Test 3051 - 7 , the truck was re-

paired from Test 3051-3. The Chevrolet Caprice used in Test 3051-

8 was used in a FMVSS 301 fuel leakage rear-end crash test and mod-

ified to a crashable condition. The Dodge Omni was repaired after

a FMVSS 210 seat belt anchorage test.

Comparison of the structural response data for these two tests

is shown in Table 5-1. These data provide a consistent basis for

assessing the aggressivity for the light truck.

For determining architectural aggressivity, the front and rear

vehicle geometries for the test vehicle are shown in Figures 5-1

and 5-2. Dimensional data for each vehicle is given in Table 5-2.

Bumper matchups are shown in Figures 5-3 and 5-4

,

A comparison of the inertia forces in the Chevrolet Caprice

and Chevrolet C-1Q truck is presented in Figure 5-5, while the

same comparison for the Plymouth Horizon and Dodge Omni is shown

in Figure 5-6.

5 .

2

OCCUPANT PARAMETERS

A comparison of available stroking distances for occupants in

the four vehicles involved in these two tests is shown in Table 5-3.
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Figure

5-1.

Chevrolet

C-10

Truck

Front/Plymouth

Horizon

Geometry

(Test

3051-7)

.
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TABLE 5-2. BUMPER/ENGINE CHARACTERISTICS

Test 3051-7 Test 3051-8

1979
Chevrolet
C-10 Truck

1978
Plymouth
Horizon

1978
Chevrolet
Caprice

1978
Dodge Omni

Engine Size (CID) 350 105 305 105

Engine Weight
(lb)* 675 475 688 475

Engine Height
( in. ) 35.0 30.0 30.7 29.3

Bumper to Engine
( in. ) 28.3 17.1 34.7 16.5

Hood Level Height
( in. )** 39.2 30.6 31.4 30.4

Maximum Bumper
Height ( in. )*** 24.4 19.9 22.8 19.6

Minimum Bumper
Height ( in . )

*** 15.1 14.6 13.1 14.3

Maximum Post-test
Static Crush
( in. ) 13.6 22.3 10.4 24.9

Bumper Override/
Underride Override

Under-
ride Override Underride

*Total dressed engine plus transmission.
**Bottom of hatchback to ground for Horizon

***Front bumper for C-10 Truck and Caprice.
Omni

.

and Omni.
Rear bumper for Horizon and
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b) Post-test

Figure 5-3. Chevrolet C-10 Truck Front/Plymouth Horizon
Bumper Matchup (Test 3051-7)

.

Rear
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Figure 5

a) Pre-test

b) Post-test

•4. Chevrolet Caprice Front/Dodge
Bumper Matchup (Test 3051-8)

.

Omni Rear

CAPRICE

t OMNI

'APACT

>05H

60



200

fcOiT +ij*iOfe o
o
CN

I

1 1

LO 00
0 i

ro •H
m

EH Eh 0
2 CO
W W
s Eh Eh

H V LO
OS CO

< Eh

u
2 D
O OS w
O Eh u

M
+ O os

rH CH
&J 1 <

U u
M
O Eh

2 w w W
W 0 21 2

OJ O O
C 0 ds PS
w rn > >
Eh w W
< <c 2 2
2 M U U
2> Eh

U Pi cr> CO
21 w r- r-
< 2 cr> (Ti

U H rH rH

U
w
co
2:

w
2

HT>I - 3DH03 YIJLH3NI

61

Figure

5-5.

Chevrolet

C-10

Truck/Chevrolet

Caprice

Inertia

Force

Comparison.
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Figure

5-6.

Plymouth

Horizon/Dodge

Omni

Inertia

Force

Comparison.
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The occupant response data for these two tests is summarized in

Table 5-4.

It should be noted that the Horizon test contained two dum-

mies (RF and LR) while the Omni test contained four dummies. The

additional dummies in the Omni test had a strong influence on the

dynamics of the RF and LR occupants. Thus, although the target

vehicles were similar, the occupant characteristics were not.

This difference compromises the use of dummy data for truck

aggressivity assessment.

5 . 3 COMPARATIVE EVALUATION

Comparing the vehicle parameters from Tests 3051-7 and 3051-8

(see Table 5-1) , there does not appear to be much difference between

the Chevrolet C-10 truck and the Chevrolet Caprice. The compartment

accelerations and the crush distances are of approximately the same

magnitude. The velocity change for the Plymouth Horizon though is

quite a bit more than that for the Dodge Omni. This is to be ex-

pected, based on momentum considerations, since the truck weighs

much more than the Chevrolet car. However, some of the extra ve-
\

locity is due to the higher speed for the Horizon test and the

lower weight of the Horizon (with only 2 dummies)

.

Comparing the occupant response data in Table 5-4 for the

Horizon and Omni in these two tests, there does not appear to be

any significant difference attributable to the aggressivity of the

C-10 truck versus the Caprice. The high femur loads for the Omni

rear dummies are attributable to the front dummy forcing his seat

backward. Because the impacts were low-speed rear collisions, the

values for the occupant response parameters are quite low and pre-

clude any real comparison of the occupant response parameters.

The assessment here is that there is no significant difference be-

tween the aggressivity of the Chevrolet C-10 truck versus the

Caprice since bumper override occured in both tests. There was no

fuel system leakage in either test and no dummy ejection.
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There was a noteworthy difference in the configuration of the

occupants for the Horizon and Omni in the two tests summarized in

Table 5-4. In Test 3051-7 the Horizon had two anthropomorphic

dummies; one was positioned at the driver position (left front)

and the other was positioned at the right rear passenger position.

In Test 3051-8, however, the Dodge Omni had four anthropomorphic

dummies; two were in the front seats and two in the back seats.

During the impact in Test 3051-8, the rear occupants received high

femur loads due to the front occupant seats moving into the rear

of the occupant compartment. In Test 3051-7, the right rear occu-

pant did see higher femur loads than the left front occupant.

This difference between femur loads in the rear occupants is pri-

marily attributed to the fact that in Test 3051-8 there were front

seat occupants in front of each rear occupant in the Omni. Had

there been two front seat occupants in Test 3051-7, it could be

expected that femur loads for the rear passenger would be higher

and therefore comparable with those in Test 3051-8. Therefore,

this difference did not appear to be due to any particularly ag-

gressive feature of the Chevrolet Caprice and was not included in

the assessment of aggressivity for the C-10 truck.

5.4 CONCLUSIONS

After a review of the structural and occupant parameters for

rear-end impacts, the overall aggressiveness of the light truck

did not show any significant difference in data compared to the

full-size passenger car. Since both vehicles overrode the bum-

pers of the Horizon and Omni, the amount of vehicle crush was about

the same. The bumper mismatch in both tests was the major factor

contributing to the bullet vehicle's aggressivity. However, at

the closing speed under investigation, the potential injury levels

were low except for possible femur injury to rear occupants.

This test comparison dramatically illustrated that slight

changes to the vehicle configuration (in this case, number of occu-

pants) can result in radical changes in some response parameters

(in this case, femur loads).

66



6.0 CONCLUSIONS AND RECOMMENDATIONS

The previous sections have presented a preliminary assessment

of light truck aggressivity relative to a full size passenger car

for a number of collision modes. A summary of the assessments is

presented in Table 6-1. Looking at the global situation, that is

the mix of vehicle collisions presented in Table 6-1 it appears

that the c-10 truck is slightly more aggressive than the full size

passenger car.

As presented in the previous sections, the vehicle parameter

data and occupant response data were qualitatively compared for

the various crash modes from this comparison a determination of

the aggressivity of each vehicle was made. This assessment however

must be considered preliminary at this time, since the data base

for comparing the C-10 truck with the full size passenger car was

incomplete. Another factor which hinders in assessment of light

truck aggressivity is the lack of a definitive methodology for

weighting the significant parameters to determine vehicle aggres-

ivity

,

Based on the results of this initial analysis. Dynamic Science

recommends that the following tasks be accomplished in order to

better define the aggressivity of a light truck in comparison to

a passenger vehicle.

® Review the data presented in this report in-depth to eval-
uate the significant parameters for defining vehicle aggres-
sivity.

s Having established this set of vehicle parameters, develop
methodologies for quantifying a vehicle's aggressivity.

e Further investigate accident data for light truck/passenger
car impacts to determine the accident modes and causes of
injury and fatalities being higher for those in the target
vehicle

.

• Conduct additional car-to-car impact tests under identical
conditions as those in Table 1-1 to provide a complete data
base for quantitatively assessing light truck aggressivity.
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TABLE 6-1. LIGHT TRUCK AGGRESS IVITY ASSESSMENT

Aggressivity Comparison

Impact Configuration Chevrolet C-10 Truck Chevrolet Passenger Car

Head-on Collision C-10 Truck slightly less aggressive than
passenger car

Perpendicular Side
Impact

C-10
car

Truck more aggressive than passenger

Frontal Offset
Collision

C-10
car

Truck more aggressive than passenger

Rear-End Impact C-10
car

Truck equally aggressive as passenger
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